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Abstract





$198\overline{\mathit{1}}$ , Gromov , $\mathbb{Z}+\mathbb{Z}$
, 3 ,
, Gersten $19\mathrm{S}9$ [2]
1
$\mathbb{Z}+\mathbb{Z}$ ,
3 , Thurston ,
, Gersten
, ,
, 2 , 3 4
, 5
2
(automatic group) , [1]
$G$ , $\wedge 4$ $G=\langle_{\wedge}4|R)(|A|<\infty, x\in A\Rightarrow x^{-1}\in A)$
$G$ .4 (Cayley graph) $\Gamma(G, A)$ ,






2. $x,$ $y\subset\prime 1^{arrow}$ $(\Gamma(G, A))$ , $xa=y$ $a\in\prime 4$ , $\vec{x^{*}y}$ (edge set) $E(\Gamma(G, -4))$
. , $\mathbb{Z}+\mathbb{Z}$ $\epsilon$ $G$
. $A_{i}=a_{\mathrm{i}}$-1 $a_{i}$ $A4_{i}$ ,
1: $\mathbb{Z}+\mathbb{Z}$ $\Gamma$ ( $\mathbb{Z}+\mathbb{Z},$ {a1, .41, a2, .4 })
$\wedge 4$
$w$ , $G$ $\varpi$ $x,$ $y\in G’$ , $G$ (word
metric) $d$ (x, $y$ ) , $\Gamma(G, A)$ $x$ $y$ $G$ (word hyperbolic
group) , $\overline{\delta}>0$ , $\Gamma(G, A)$ (geodesic triangle)




$\mathrm{t}$ fix $\mathrm{V}\mathrm{A}$ $u$ \gamma
$\mathrm{j}|’$





(finite state automaton) $W$ .
12
1. ( ) (state set) $S$
2. 44
3. $\mu$ : $S\mathrm{x}\wedge 4arrow S$
4. (accept state) $Y\subset S$
5. $s_{0}\in S$
5 $W=$ $(S, A, \mu, \}^{-}, s0)$ $s_{0}$ ,
, ,
$Y$ , . (accept) (reject)
$W$ $S$ , $\mu$ $A$
( ) $Y$ ,
, $A=\{a, b\}$ . “ab”
,
4:
$\nu \mathrm{r}^{\vee}$ (language) $L$ (W) . $W$
$G=\langle.4|R$) (automatic group) ,
$X=$ ($A=\{a1,$ . . . , $a_{n}\}_{\backslash }.$ ?V; $hI_{\vee}.,$ $h$Ia1’\Lambda Ia ’. . . J’ )
1. $A$ $\mathrm{V}|^{\gamma}$ , $p:L(l\mathrm{T}^{r})arrow G$
2. $.4^{S}\cross.4^{\}$ $\Lambda I_{\epsilon},$ $\mathit{1}\mathrm{t}.I_{a_{1}}$ , \Lambda I. ’ . .. , $\Lambda,I_{a_{n}}$ (,$4=$ {ai})
( $w_{1}$ , w ) $\Lambda,I_{x}$ $(x\in A)$ . $w_{1},$ $w_{2}$ L( .’) , $G$
$w_{1}x=w\circ\sim$
, $A4^{\}=_{\wedge}4\cup\{}$ , $ (padding)
5: $\mathrm{n},I_{x}$
, $k$ T 2
$(w_{1}, w_{2})$ $M_{x}$ , $t$ $d$( $\mathrm{u}\prime_{1(}$t), $w_{2}(t))<k$
$M$ (weakly geodesica $\mathrm{y}$ automatic) , $L(W)$
113
$\Gamma(G, .4)$ $l\iota_{J}I$ (uniqueness
property) , $p:L(W)arrow G$ .
$G$ (prefix closed) . $L$ (W) $L(W)$
, $\mathbb{Z}+\mathbb{Z}$
1
$\Gamma(G, A)$ $T=\{t1, . . . , t_{N}\}$ , $N$ $N$ ( $N$ tradc of
length $N$)
1. $t_{\mathrm{i}}$ $v_{-i}’,$ $w$( $\in L$ (W) (subarc) $\vec{\iota.}$ $w_{i}=s_{i}t_{i}u:,$ $w$( $=s_{i}$tiu:
2. $s$:
3. $t_{i}$ $N$
4. $\Gamma(G, A)$ $\{t_{i}\}$ $N$ , $t_{i}\mathrm{n}tj=\emptyset$ (for $i\neq j$ )
5. $i$ $d(\overline{w_{i}’}, \overline{u_{\dot{\mathrm{a}}+1}\prime})=1$ , $(\cdot w_{i}’, w_{i+1})\in L(hI_{x_{i}})$ $(^{\exists}x_{i}\in A)$
$x$ $x_{-}$. $x_{\delta}$
$\acute{1}$ . $.u$6 $u_{3}$ $u_{\acute{3}}$ $u_{4}$
$\mathrm{i}....-\cdot.-\ldots..--\cdot\overline{4\mathrm{t}\mathrm{r}\mathrm{a}}-\cdots.\mathrm{i}$





6: 4 $T=\{t1, t_{2}, t3, t_{4}\}$
$l\mathrm{L}^{\gamma}$ , (simply starred) , ,
(path) 1)
2
$\mathrm{I}\mathrm{T}’$. , $n$ ( $\mathrm{n}$-starred) , ,
$n$ 2)
7: 4 4
y , $(\alpha)*$ . $\alpha$ $A$ .





$\chi$ 3 , $x\in G$
1 $.\iota\iota’\in L$ (W) , $w$ $\overline{w(t)}$ $w$ $w$ (t)
$L$ (lV) , $\chi$ $G$ $\mathbb{Z}+\mathbb{Z}$ ,
3(N-T-Y)
$G$






. , $G’$ $W$ , $G$ $\mathbb{Z}+\mathbb{Z}$




$\chi$ , $G$ 2
, $G$ $\mathbb{Z}+\mathbb{Z}$
4 $N$ $N$
. 3 [3], [4]
, Papasoglu [5]
6(Papasoglu)
$G’$ , $M$ , $\Gamma(G, A)$ $M$
$G$ , Papasoglu , $M$ , $\Gamma(G, A)$ $M$
, $M$ , , $b_{0}\in L$ (W)
1 $v$ $b_{1}$ $b_{1}$ (i) , $w_{i}\in L$(W) $\overline{w_{i}}=\overline{b_{1}(i)}$
$\varphi(t)$ $\{w_{i}\}$ $J\triangleright t$ , $\varphi(t)=\#\{\overline{w_{\dot{l}}(t)}|i\geq t\}$ ,
$\Lambda I$




, $\mathrm{p}(\tau)\geq N^{\supset}.\sim$ $\{w_{i}\}$
, $\varphi(d(\vee\simeq, ?)))=1$ , $\mathrm{t}_{r}^{\eta(t)}>.\varphi(t+N)$ $t$ ,
$t\geq\tau$ $t$
, $\{w_{i}\}$ ,
, $t$ $t+N$ $\{1L_{i}’\}$ $N$





$\chi$ , $G$ $n$
$(n\geq 3)$ , $G$ $\mathbb{Z}+\mathbb{Z}$
, $N$ $N$ ,
$\mathbb{Z}+\mathbb{Z}$ , $G$ ,
, $n$ ,
$t_{i}$ , $t_{i+1}$ , $L(l\dagger^{\gamma})$ $w_{i},$ $\mathrm{t}\mathrm{t}_{i+1}’$ ($\cdot \mathrm{t}\mathrm{t}’i$ , w l)






$NI_{x_{\mathrm{t}+1}}$ , $N$ $\Lambda\prime I_{x:},$ $hI_{x:+1}$ 1
7
2 (Meander Daveler’s graph), $\mathrm{M}\mathrm{T}$
118
. $\mathit{1}\mathrm{t}\prime I_{x_{\mathrm{i}}}$ , AIx l $\mathrm{I}_{i}’,$ $\mathrm{t}_{i+1}$. $\llcorner$ , $\mathrm{L}_{i}^{\cdot}\cup \mathrm{t}_{i+1}’$








$\mathrm{M}\mathrm{T}$ , $hI_{i}^{i+1}$ , M l $hI_{i}^{i+1}$
$(j, k.)$ , $\mathrm{t}_{i}^{r}$ $\alpha j$ $V_{i+1}$ ,$\theta_{k}$ , $\vec{\alpha j\beta\kappa.}$ 1 , 0
$\mathit{1}\mathrm{V}I_{i+1}^{\mathrm{i}}$ $(j, k)$ , $\mathrm{v}_{i+1}^{\Gamma}$ $\beta_{j}$ $\iota_{i}.\cdot$ $a\kappa$. $\wedge$ , $\overline{\beta j\alpha k}$
1 , 0 $\mathrm{I}\cdot \mathrm{I}\mathrm{T}$ ,
$\mathrm{J}\prime I_{0}^{1}=(\begin{array}{lll}1 0 00 1 10 1 0\end{array}),$ $\mathrm{A}I_{1}^{0}=(\begin{array}{lll}0 1 01 1 00 0 1\end{array})$
,










, $\beta_{p}’$ $\beta_{q}’$ , $\alpha_{p}$. , $\beta_{p}’$




4. , 1 ( )
$l\vee I_{x_{*}}^{x_{1}}$. : , 1 , $1_{i}’$
1 , , $\mathbb{Z}+\mathbb{Z}$
, ,
5. , $\sqrt{n-1}$ ( )
4. , $\mathrm{v}_{x_{[perp]}}^{r}$ $\beta_{p}$ , 2
, L $\alpha_{i}$ , $n-1$ , 2
b\mbox{\boldmath $\alpha$}r $\vec{\beta_{p}\alpha}$8 , , ,$\theta_{p}$ $,/\mathit{3}_{q}$ $\overline{\alpha_{r}\beta}$q’ $\vec{\alpha_{\mathit{8}}..\theta_{q}}$
3.
, $n=3,4$, $5$ , Mathematica $n$ $N$ , hIT
, $n=3$ , 3 , 2
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